I. Introduction
In 1869, when the periodic chart of the atoms was first proposed, Mendeleeff [I] 1 saw that the chemical elements homologous to manganese were missing in the two succeeding periods; he called these ekamanganese and dwi-manganese. This was the first hint of the possible existence of the element under discussion. In the following half century many attempts, both chemical and spectroscopic, were made to detect these homologs of manganese, but without success. Moseley's [2] discovery in 1913 of a quantitative relationship between Roentgen frequencies and atomic numbers proved that atomic numbers 43, 61, 72, 75, 85, and 87 were still unknown, and provided a new method of detection by means of Roentgen spectra. This method was applied in 1925 by Noddack, Tacke, and Berg [3] , who reported finding, in material extracted from columbite, three K spectrum lines for atomic number 43 and five L spectrum lines for atomic number 75. These two atomic numbers are identical with the homologs of manganese, and the names masurium and rhenium were proposed for them. The discovery of rhenium was abundantly confirmed, and within a few years this new element became a commercial metal. In 1931 the arc spectrum of rhenium was described and interpreted by Meggers [4] , who then inquired of the discoverers if a sample of masurium was available for spectroscopic investigation. The Noddacks 2 replied that they had succeeded in concentrating some masurium, and that they would send the first milligram that could be spared. Unfortunately that milligram never materialized, and it later appeared that the extraction of element 43 from natural sources would be unlikely or even impossible [5] .
Figures in brackets indicate the literature references at the end of this paper.
2 i n a letter dated Dec. 22,1931, from W. and I. Noddak to W. F. Meggers.
After the discovery of artificial radioactivity in 1934, it became theoretically possible to manufacture any desired element by artificial nuclear transmutation. Thus element 43 was first prepared in 1937 in the Berkeley cyclotron by bombarding molybdenum with neutrons or deuterons. It was identified, and its radiochemical properties were investigated by Perrier and Segre [6] , who named the element technetium [7] because it was the first new element to be produced artificially. The amount of technetium produced in this manner was so small that it could only be detected by means of its characteristic radioactivity, which is enormously more sensitive than either roentgen or optical spectra. However, soon after the discovery of uranium fission in 1939, it was found that element 43 occurs among fission products to the extent of 6.2 percent [8] . In 1948 the isolation of milligram amounts of element 43 from uranium fission was described by Parker, Reed, and Ruch [9] . With these samples the whole-number atomic mass was determined by Inghram [10] to be 99, the first optical spectrogram was made by Timma [11] , and the Roentgen emission spectrum was photographed by Burkhart, Peed, and Saunders [12] . Thus far the published information on the optical spectra of Tc consists of estimated relative intensities and approximate wavelengths of 102 lines (4297.2 to 2461.7 A) attributed [11] to element 43. In the light of present information critical examination of those data discloses that possibly 46 of the 102 lines are identifiable as Tci, and 32 as Ten, but the remaining 24 do not belong to Tc.
In September 1948, the National Bureau of Standards applied to the United States Atomic Energy Commission for the loan of 5 mg of STc with which to make descriptions and analyses of the atomic and ionic emission spectra of technetium. A 3-mg sample was delivered in January 1949. With this sample preliminary results were obtained for wavelengths and relative intensities of about 2,000 Tc lines. These results were reported at the Oak Ridge Spectroscopy Symposium on March 25, 1949 [13] and at the Buffalo meeting of the Optical Society of America on October 29, 1949 [14] . In July 1950 three additional milligrams of 43 Tc were borrowed for the purpose of completing this description of arc and spark spectra and for the investigation of hyperfine structure of certain spectral lines. The purpose of this paper is to present the wavelengths and relative intensities of 2,121 lines that are characteristic of Tc atoms and ions. These data are suitable for spectrochemical identification and for structural analyses of the first two spectra of Tc. Details of the structural analyses of Tci and Ten spectra, and of the investigation of hyperfine structure in Tc spectral lines will be given in subsequent papers.
II. Technetium Spectrograms
The technetium samples came in the form of oxide. These samples were dissolved in dilute ammonium hydroxide to make solutions of known concentration, portions of which could then be added to spectroscopic electrodes so that a definite amount of Tc was deposited on each. Fifty or one hundred micrograms of Tc were dried on the flat-machined end of a copper rod }{ in. in diameter and 1 in. long. Electrodes with approximately rectangular ends, 6 by 2 mm, were later employed to concentrate more of the light along the optical axis. Two such loaded electrodes were used when oscillatory discharges were employed for exciting the spectra, but when the direct-current arc was employed the best results were obtained by placing 200 /*g °n the anode. With a desire to economize material, the first spectrograms were made in the blue and ultraviolet with 50 /xg on each electrode, but to obtain stronger spectrograms it was necessary to use 100 on each. Also it was desirable to choose light sources that would burn the entire added sample off the ends of the copper electrodes without predominant excitation of the copper spectra. Furthermore, it was necessary to choose two sources with sufficiently different excitation characteristics so that comparisons of spectral line intensities would permit positive assignment of the lines either to neutral atoms or to ionized atoms. These considerations led to the choice of two sets of excitation conditions available in the Applied Research Laboratory Multisource unit.
The spark spectrum was obtained from an oscillatory condenser discharge with the following circuit constants: capacitance 5 /*f, charging voltage 940 v, inductance 100 /Ji, and resistance 0.4 ohm. The arc spectrum was obtained from an overdamped condenser discharge with circuit constants: capacitance 50 /xf, charging voltage 940 v, inductance 400 ph. and resistance 25 ohms. The gap between the electrodes was set at 4 mm.
Before any Tc spectrograms were attempted, experiments were made with Mo spectrograms, and source conditions were determined that gave a fivefold enhancement of Mo 11 lines over Moi lines when the spark spectrum was compared with the arc. These source conditions described above were found to be suitable for an unambiguous separation of Tci and Ten lines.
It was immediately seen that the distribution of Tc 1 and Tc n lines resembled the distribution of first and second spectral lines of other metals; the second spectrum predominates in the ultraviolet and weakens in the visible, whereas the first spectrum is weak in the ultraviolet but predominates in longer waves. Because few Ten lines are seen in the blue, the Tc spark spectrograms were not extended beyond 4700 A.
Although the arc-like excitation provided by the ARL Multisource unit was satisfactory for the short wave region, it was disappointing for the visible and infrared, partly because it gave weak spectra and partly because it excited the spectra of atmospheric nitrogen and oxygen with such intensity that many portions of the Tc spectra were masked. Consequently, the spectral range 4500 to 9000 A was reobserved with a direct-current arc between K-in. diameter Cu electrodes, the anode being charged with 200 fig of Tc. These direct-current arc spectro-grams were made with an applied potential of 220v and a current of 7 amps.
The spectrograms were made with a concave grating of 22-ft radius, ruled with 15,000 lines per inch on an aluminized pyrex disk of 6-in. diameter. This grating was placed in a Jarrell-Ash instrument provided with a concave mirror of similar form, so that the spectrograph gave stigmatic slit images. A fixed slit of 20-M width was used, and the maximum resolving power for sharp lines in the first order spectrum was about 50,000, the reciprocal linear dispersion being about 5 A/mm.
Three positions of the grating and 20-in. plate holder recorded the spectrum between 2100 and 9000 A with successive exposures on three types of photographic plates. The region 2200 to 4700 A was photographed on Eastman 103-uv sensitized plates, the region 4400 to 6900 A on II-F sensitized plates, and 6500 to 9000 A on I-N hypersensitized plates.
By sliding a slotted diaphragm in front of the slit, a series of adjacent spectrograms were made as follows: Iron arc, copper arc, technetium arc on copper, technetium spark on copper, copper spark, iron arc. Spark spectra were omitted in the visible and near infrared regions. The exposure durations were usually 1 sec for the iron arc, 45 sec for the copper blanks, and 30 sec for copper with technetium added. Preliminary tests with Mo added to copper showed that the sample was almost completely burned off in 30 sec. All exposures with Tc deposited on Cu were made with the electrodes mounted in a cylindrical brass cell provided with a quartz window and with an air exhaust through a glass-wool filter designed to trap, and thus conserve, most of the vaporized Tc for future recovery.
At least three satisfactory spectrograms were made for each of the three spectral ranges mentioned. This gave at least six independent determinations for lines appearing in the overlapping portions of these ranges. The positions of Tc spectral lines relative to iron standards were measured to 0.001 mm with an excellent 50-cm comparator constructed by the Gaertner Scientific Corp. In all, approximately 20,000 spectral line images were bisected to obtain the wavelengths of about 2,500 Tc and impurity lines. All lines appearing in the spectra of Cu plus Tc that were not duplicated or masked in the Cu comparison spectra were measured, even though some were easily recognized as impurities. The final values of all the impurity lines served as checks on the scale of wavelengths and on the amazingly high purity of the Tc samples. The principal impurities detected spectroscopically were calcium, magnesium, and silicon, which are common contaminants in chemical operations. Only the stronger lines of lithium, sodium, and potassium were present, and the same is true of iron, nickel, chromium, molybdenum, aluminum, bismuth, and platinum. No trace of ruthenium, rhenium, or any other metals was found. In the identification and elimination of impurity lines, consideration was given to relative intensities as well as to wavelengths. 
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III. Results
The results of this investigation are presented in table 1, where wavelengths and relative intensities of 2,121 spectral lines characteristic of technetium atoms and ions are given. In this table the wavelengths represent the averages of two to six independent determinations. Several hundred faint lines that were measured only once on the strongest spectrograms have been omitted from table 1, but some of these may be reported later if any confirm predictions from atomic energy levels.
The average probable error in these wavelengths is believed to be less than ±0.01 A. There are three reasons for this belief, namely, computed probable errors of lines measured on six spectrograms, agreement of the wavelengths of impurity lines with their accepted values, and the average difference between the measured values of classified lines and their values computed from atomic energy levels derived from these observations [14] .
In addition to six-figure wavelengths, estimated relative intensities of arc and spark lines of Tc are given in table 1. These intensities range from 1,000 for the strongest line to 1, which represents the weak lines whose reality is unequivocal because they were observed two or more times. In the spectral range in which arc and spark intensities were compared (4700 to 2200 A) Tc i lines have nearly double intensity in the arc, whereas Tc n lines have about treble intensity in the spark. Most of the Tc n and Tc i line-intensities thus differ by a factor of 5 or 6, and their assignment is unambiguous. A few lines, mostly faint ones, appear to have about the same intensity in arc and spark, but naturally a few approxmate coincidences of Tci and Ten lines may be expected.
Occasionally the intensity numbers are accompanied by literal symbols having the meanings given in the table. Some of these symbols are especially significant for Tc spectra because they suggest hyperfine structure due to interaction of valence electrons with atomic nuclei. This hyperfine structure was observed in manganese spectra and in rhenium spectra, unresolved by gratings in the former case but easily resolved in the latter. The hyperfine structure of Tc lines appears to be intermediate between Mn and Re. Many Tc lines, especially among longer waves, appear as flat-topped images, four or five times as wide as the slit. These lines are under investigation with interferometers.
Besides a general resemblance of Tc spectra with those of Mn and Re, we can now define in detail the analogous spectral lines of the three elements or their ions. For neutral atoms of Mn, Tc, or Re the resonance lines are known asd 5 + . Full details concerning the interpretations of lines-in the first two spectra of Tc will be divulged in another paper. The above-mentioned resonance lines of Tc and Tc + are probably useful for detecting this element in concentrations of 10~7; the fact that they cannot be found in any spectral tables excluding fission products may be regarded as proof that technetium is not spectroscopically detectable in nature.
The authors acknowledge the generous cooperation of the United States Atomic Energy Commission in lending samples of technetium for this investigation, and compliment G. W. Parker of the
I. Introduction
The acidic or basic properties of many slightly soluble compounds have not been determined because of experimental difficulties in applying the usual titration or electromotive-force methods to very low concentrations. Diphenylketones, such as benzophenone, 4-aminobenzophenone and 4,4'-diaminobenzophenone, are practically insoluble in water and fall in this category. They are colorless in aqueous solution, but their aromatic structure suggests that their ultraviolet spectra may be used to study some of their chemical properties. Accurate spectrophotometric measurements of concentrations as low as 10~4 or 10~5 molar can now be made at many temperatures. The observed changes in spectral absorbancy with changes in hydrogen-ion concentrations can be used to calculate dissociation constants and other related thermodynamic quantities.
The molar absorbancies of the molecular and ionic states of benzophenone, 4-aminobenzophenone, and 4,4'-diaminobenzophenone were first determined and compared. The parent compound, benzophenone, has no group to ionize, and its spectral curves are identical whether the material is in aqueous, acid, or basic medium. 4-Aminobenzophenone is a weak base and does not dissociate appreciably in aqueous solution, as demonstrated by identical curves of the free base in water and in various concentrations of alkali. Moderately strong acid is required to effect complete dissociation, as evidenced by the entirely different absorbancy curve in the near ultraviolet. 4,4'-Diaminobenzophenone has two groups whose dissociation ranges overlap, and extensive experimental data will be required to determine the constants.
A comprehensive study of the dissociation of 4-aminobenzophenone has been made at several temperatures, and the constants at 10°, 15°, 20°, 25°, 30°, 35°, and 40° C have been calculated and are reported in this paper. Hydrochloric acid was used to control the hydrogen-ion concentrations at various stages during the dissociation. The contribution of the 10~5-M base to ionic strengths of 10~3 and 10~2-M hydrochloric acid is so small that it can be neglectedthus the hydrogen-ion concentration may be taken as that of the known amount of hydrochloric acid.
The limiting spectral absorbancy curves of the free base and of the ionized compound do not change with change in temperature in the range studied, which is very fortunate. At a given temperature, then, all changes in absorbancy for one dissociation series may be attributed solely to the dissociation reaction. Another favorable factor is that 4-aminobenzophenone dissociates over a pH range of 1 to 3, where the temperature has little influence upon pH values.
